We retrospectively studied the major complications occurring after one-and two-stage bilateral unicompartmental knee replacements (UKR). Between 1999 and 2008, 911 patients underwent 1150 UKRs through a minimally invasive approach in our unit. Of these, 159 patients (318 UKRs) had one-stage and 80 patients (160 UKRs) had two-stage bilateral UKRs.
Bilateral knee replacement may be performed as a one-or a two-stage procedure. Some authors have noted more immediate post-operative complications with a one-stage procedure 1-4 but others have not noted an increase. [5] [6] [7] Proponents of the one-stage bilateral TKR believe that the benefits include a shorter hospital stay, shorter total anaesthetic time and greater convenience for the patient as well as economic advantages 8, 9 compared to the two-stage TKR. 10 The Oxford Unicompartmental Knee Replacement (UKR) (Biomet, Bridgend, United Kingdom) has been shown to have a 95% ten-year survival. 11 With appropriate patient selection and correct surgical technique, 12 it can provide reliable symptomatic relief and correction of leg alignment, with an improvement in the range of movement in patients with single compartment arthritis.
Compared to TKR, UKR may have a lower post-operative complication rate owing to the less invasive approach and shorter operative and anaesthetic times, 13 a reduced length of hospital stay, and quicker overall rehabilitation. 13, 14 Studies on bilateral UKR have not been reported.
We have compared the early complication rates between patients with one-stage bilateral UKR and those who had a two-stage procedure.
Patients and Methods
Between August 1999 and August 2008, 911 patients (1150 knees) underwent UKR at our Hospital. A retrospective study of the database identified 159 patients (318 knees) who had undergone one-stage bilateral UKR and 80 patients (160 knees) with a two-stage bilateral UKR. A minimally invasive technique 15 and the Oxford UKR prosthesis were used in all cases.
In all, ten surgeons had operated on all 239 patients, with eight being involved with both groups and two in one group only. One surgeon in particular had a higher proportion of patients, especially in the one-stage compared to the two-stage group (Table I) . Only nine patients (18 knees, 11%) in the two-stage group had each procedure performed by a different surgeon.
Bilateral one-stage UKR included procedures which were either simultaneous with two surgical teams or conducted consecutively by one team. Of the 159 one-stage replacements, six patients (12 knees) were identified to be simultaneous. Two-stage bilateral UKRs were defined as procedures that were performed at least a month apart involving two anaesthetics and two hospital admissions, and carried out within the study period. These three groups were then assessed.
The mean interval between the staged procedures was 1.5 years (SD 0.8). The main determinant in pursuing a two-stage approach was the patient's choice. These patients elected to have the most symptomatic knee operated on first.
A total of 127 men and 112 women underwent bilateral UKR. The primary diagnosis was osteoarthritis in all patients. Data including age, gender, tourniquet and total anaesthetic time and comorbidities were collected from a review of the medical records. The American Society of Anaesthesiologists (ASA) grading system 16 was used based on their pre-operative anaesthetic assessment. [17] [18] [19] [20] The length of in-patient hospitalisation was recorded as the day of admission to the day of discharge.
All procedures were conducted under a general anaesthetic with a local anaesthetic infiltration to the knee at the end of the operation. All involved the use of a tourniquet. The duration of anaesthesia was recorded in minutes for the one-stage and a sum for each operation for both procedures in the two-stage group. All patients were part of an accelerated discharge programme, which had as its target 80% discharged within 24 hours for unilateral UKR. Chemical venous thromboprophylaxis was not routinely given. Intra-operative mechanical calf pumps and early mobilisation was employed. All patients had the same postoperative protocol involving blood tests, imaging and physiotherapy, with the emphasis on early mobilisation. All patients were followed up at six weeks, and if no concerns were raised their further review was continued in a dedicated physiotherapy-led UKR follow-up clinic.
Complications occurring during the initial postoperative period of 30 days were recorded. We recorded the major complications traditionally associated with joint arthroplasty 4 as death, pulmonary embolism, proximal deep-vein thrombosis (DVT), myocardial infarction and cardiac arrhythmia. Minor complications included superficial wound infection and distal DVT. Patients with clinical symptoms suggestive of a DVT were also recorded. Statistical analysis. Statistical tests and analyses were conducted using STATA/SE 10.1 (STATA Corporation, College Station, Texas). Continuous data which were not normally distributed such as age and time, were analysed using the Mann-Whitney U test. Dichotomous data were analysed using Fisher's exact test. Statistical significance was defined as a p-value ≤ 0.05.
Results
There were no differences between one-and two-stage UKR with respect to mean age, ASA grade and mean individual tourniquet times for both legs, but there was a significant difference in gender distribution between the two groups and in the total anaesthetic time (Table II) . The overall age distribution between the two groups was also comparable (Fig. 1 ). All 239 patients in the study were ASA grade I, II or III. There was a lower proportion of patients classified as ASA grade III in the one-stage group (18 patients, 11.3%) compared to the two-stage group (14 patients, 17.5%), although overall there was no statistical difference between the ASA variations in the two groups (Table II) .
The overall rate of major complications was 8.2% (13 patients) in the one-stage group but there were none in the two-stage group (p = 0.005, rate difference 0.08, 95% confidence interval (CI) 0.04 to 0.13) (Table III) . In the 13 patients with major complications, ten (76.9%) were due to venous thromboembolism. The single death in the one-stage group was due to pulmonary embolism. Of the patients with venous thromboembolism, four were readmitted to hospital. No evidence was found that each individual major complication by itself was significantly different between the two groups (p = 0.266), nor that they depended on a particular surgeon (p = 0.238) (Table IV) . Statistically, there was an association between the ASA grade and individual major complications (p = 0.029), with higher proportions noted for pulmonary embolism with an Of the minor complications, four patients in the onestage group developed superficial wound infection and two in the two-stage group (p = 1). The two-stage group had three patients with a distal DVT, whereas the one-stage group had none (p = 0.036) (Table III) . A total of 13 patients (8.2%) in the one-stage group and 11 (13.8%) in the two-stage group had clinical signs of DVT, all of whom were investigated with Duplex venous ultrasound without identifying any DVTs.
The median length of hospital stay in the one-stage group at five days (2 to 19) was one day less than for the two-stage group, which had a similar range (2 to 15) (Table II) .
Discussion
This study showed a significant difference in the rate of major complications between one-and two-stage UKR. Although the incidence of each individual major complication was small, the cumulative total was significant and has not previously been studied. In a brief communication, Boniforti and Romagnoli 21 compared 40 one-stage sequential UKR with unilateral UKR and found no difference in the rate of complications. Otherwise, only two-stage bilateral UKR has been described, included within certain outcome studies. 22, 23 In a report on a large case series of phase III Oxford UKRs in which 502 were unilateral, 15 11
were one-stage simultaneous bilateral and 82 were twostage bilateral procedures, one one-stage bilateral patient had a pulmonary embolus but was later found to have caecal carcinoma. The rate of complications in the bilateral Histogram to show the proportional distribution of age in the two groups.
groups was not specifically assessed, and in any event the one-stage group was too small for meaningful comparisons. In bilateral TKR, some reports express concern that a onestage procedure is associated with an increased number of complications, [1] [2] [3] [4] 24 but contrasting studies means the evidence is still inconclusive. [5] [6] [7] It could be argued that differences between the one-stage and two-stage groups might be due to demographic variables and surgeon throughput, with many studies citing patient age and ASA grade to be significant predictors of peri-operative complications. [17] [18] [19] [20] 25 Additionally, some studies report higher mortality risks in patients with pre-existing cardiopulmonary disease.
2,3 Our results were obtained from two broadly comparable groups for ASA grade and tourniquet times, and all patients had the same pre-and post-operative management. As expected, the mean anaesthetic time and median length of stay for the one-stage group was longer than for each individual operation in the two-stage group. The longer period of relative immobility might account for the increased incidence of DVT and pulmonary embolism in the single-stage group. All three patients with cardiac complications were ASA grade III, two of whom already had a history of cardiac disease. The extended anaesthetic time might have contributed to these patients' post-operative complications.
Therefore, we would advocate caution in undertaking onestage bilateral UKR in high-risk patients and those with cardiac comorbidities. Of the other patients with major complications, controlled hypertension in two of them was the only comorbidity present. None of the six simultaneous one-stage patients (12 knees) had any major complications, but the small number makes it difficult to draw meaningful conclusions.
Although there were significantly more patients (p = 0.036) with distal DVT in our study in the two-stage group interpretation of these results is difficult. We have only included proximal DVT as a major complication as it is an established cause of pulmonary embolism whereas whether a distal DVT is remains controversial. [26] [27] [28] The overall rate of venous thromboembolism for the one-stage group was 6.3% (ten patients). One patient (0.6%) had a fatal pulmonary embolism, which is comparable to rates in other published series of 0.3% to 0.8%. 1, 5, 10, 29, 30 All nine patients (5.7%) with proximal DVTs required a prolonged period of anticoagulation. No distal DVTs were recorded for the one-stage group. The overall venous thromboembolism rate in the two-stage group was 3.8% (three patients), all of which were distal DVTs. Both groups received early mobilisation and intra- 
Surgeon J did not perform any one-stage bilateral unicondylar knee replacements operative mechanical calf pumps, which are recognised methods of venous thromboembolism prophylaxis. 31, 32 There is no evidence that the addition of chemical thromboprophylaxis would actually reduce the risk of venous thromboembolism in TKR, [33] [34] [35] and in our study the rates of DVT in both groups are also comparable to those published in other series recording the incidence of DVT in unilateral knee arthroscopy. 36, 37 This study has a number of weaknesses. In order to exclude the possibility of selection bias and to be certain that the two groups were comparable would have required randomisation. Nor can we be certain that the pre-operative pain and function levels were the same for both groups, and that some of the two-stage patients did not have bilateral symptoms when the first operation was undertaken. Our patients were not routinely screened for venous thromboembolism post-operatively, which may increase the reported rate. 38 However, pooling the results achieved from several surgeons increases the generalisability of our findings.
In our study patients who had one-stage bilateral UKRs had a significantly higher rate of major complications than those who had a two-stage procedure. We would therefore advocate caution in undertaking one-stage bilateral UKR.
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